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1(KMS ) $(O, \alpha)$ $C^{*}$ , $\omega$ $O$ ,3 $>0$
$\llcorner$
$D_{\beta}=\{z;z\in \mathbb{C}, 0<1\mathrm{n}1z</.?\}$
$\omega$ $(\alpha, \beta’)- KMS$ $\forall A,$ $B\in O$
$D\beta$ analytic, $\overline{D}$, $F_{4,B}.sl$ .





( free Fcnnion model
0
)
2(NESS $[\mathrm{R}],[\mathrm{J}\mathrm{P}1],[\mathrm{J}\mathrm{P}2]$ ) $(O, \alpha)$ $C^{*}$ , $\omega_{0}$ $O$
.
$\frac{1}{T}\int_{0}^{T}.\omega$o $\mathrm{o}\tau’ dt$
$Tarrow\infty$ weak*- $\Sigma_{a}(\omega)$ $\omega_{\mathrm{t}\mathrm{I}\backslash }0$,
J $\mathrm{r}-arrow|\backslash -’-$. (Non-Equdibrium Steady StatesNESS ) $\text{ }$
$\mathcal{O}$ 1 $\Sigma_{c\iota}(\omega)$ $\alpha$- $\iota_{J}$.
2 Macroscopic Instability
3 $UHF$ algebra $\omega$ ” $quasi- c^{\mathrm{J}}q\uparrow’i,\uparrow \mathit{1}alent$
$(\mathcal{O}, 0.)$ $c^{*},-$ $\omega$
$(\alpha, d’.)$-KMS st.ate, $\mathrm{T}\vee=1^{*}\vee\in \mathcal{O}$ $\text{ }\mathrm{Q}’$. generator $\delta$
55
$\delta+$ i[Ii.] $\mathfrak{l}$ A. strongly continuous one parameter group of autornorphisms $\mathrm{Q}^{\mathit{1}}1$ ’
$a^{J}$7’ $(_{\sim}4)\equiv C1^{J}$t $(_{-}4)$
$+ \sum_{1l\geq l}\prime i^{n}.\int_{0}^{t}.d$t $[$ $\int_{0}^{t_{1}}.dt_{2}\epsilon$ $\int_{0}^{t_{n-1}}d’,l1[a_{t_{\tau?}}(\mathrm{f}^{J}’), [\cdot|1, [\alpha_{t_{1}}.(1’.)\urcorner 0\cdot.t(\wedge 4)]]]$
”
”
return to $\mathrm{t}_{!}^{\backslash }\mathrm{q}\mathrm{u}\mathrm{i}1\mathrm{i}\mathrm{b}\mathrm{r}\mathrm{i}\mathrm{u}11^{\cdot}1$ $\text{ }$
1;
4(KM$S$- $[\mathrm{A}1],[\mathrm{A}2]$ ) $\omega$ $(a’, \beta)- KMS$ , $\mathrm{I}^{r}.=.\mathrm{L}^{r*}\in$
$\mathcal{O}$
$\text{ }$ H $\omega$ -normal $(\alpha\iota\cdot, \beta)- KMS$ $\omega\iota$ . $\text{ }$




5(Return to equilibrium) ( $\mathcal{O},$ (v) $C^{*}$ - $\omega$ ( $r\iota’.\beta$ \succ
$KMS$ $\omega$ $l^{\backslash }etur\cdot n$
to $equil_{1}ib\gamma^{J}.j_{l}urn$ $\omega$ -nor$.m,al$ $\uparrow l$ )
$\omega$ \neq
$\frac{1}{T}\int_{11}’.\int.\eta$( $0$’t(x))dt $=\omega$ (\sim .), $a:\in \mathcal{O}$
58
6 (Macroscopic Instability) (O ” $0_{m}’.\cdot$ ) $UHF- algeb\uparrow\cdot.a$
$C^{*}$ - $(O_{s}, \alpha 8)$ matrix a\mbox{\boldmath $\omega$}e a $C^{*}$ - $(_{-}’)_{\gamma/l}$.
$\omega_{m}$ l $’\vee\in \mathcal{O}_{s}\otimes O_{n}$ $\mathcal{O}_{s^{l}}$
$\omega_{s}$.
$\frac{1}{T},[_{0}^{T}((v_{s}\bigotimes_{-}. \omega_{n\iota})\circ\alpha$ l. $\vee$
$\Sigma_{\alpha_{1}}.\cdot$ ( $\omega_{s}-\emptyset,\cdot\omega$m) $\omega_{s}\emptyset\omega_{m}$ -normd
$\mathfrak{s}^{r}\acute{\prime}$
$\omega_{r’\iota}$
Ret.urn to equilibrium, llilacroscopic instability $\mathrm{L}\mathrm{i}\mathrm{o}\iota 1T^{\Gamma}\mathrm{i}11\mathrm{e}$
operator , GNS $–\wedge$
3 Liouville Operator
$(O, \alpha)$ $C^{*}$ - , $\omega$ $O$ $(\mathcal{H}, \pi, \Omega)$ $\omega$ GNS $\Omega$
von Nemnaun $\pi(O)’’$ $\mathrm{c}..\backslash ’\mathrm{c}1\mathrm{i}\mathrm{c}$ separating $\text{ }$ $\zeta l$
\lambda natural $\mathrm{p}\mathrm{o}\mathrm{s}\mathrm{i}\mathrm{t}\mathrm{i}\backslash \prime \mathrm{e}$ . $\mathrm{t}_{l}.\mathrm{O}110$ $\mathcal{P}-\text{ }$ lnodlda.r co ugation $J$ $\text{ }$
7 $\omega$ -normal $\eta$ 7
$\eta$(x)–. $\langle$ $\xi(\eta),$ $\pi$ (x) $\xi(r_{l})\rangle$ $x\in \mathrm{C}9$
– $\xi.(r|)\in P$
8 $\zeta$} $\prime uon$ Neumann $\pi(O)^{l\prime}$ $0$ I Stan-
dard Theory $|^{-}\text{ }$ one $par’a\uparrow n,eter$ group of unitaies
$t\in \mathbb{R}arrow L^{\gamma}$,
1. $L^{\Gamma_{l}}\pi(.\prime l,\cdot)U_{t}^{*}=\pi(e)$ ’t $(.r\iota))$ . $x\in \mathcal{O}$ ;
2. $U,\mathcal{P}\subset Par\iota dU_{\ell}\xi(\prime l.l)=\zeta(0^{l}-1*(t|))$ ,
$\uparrow l$ : $\omega- no?\mathrm{v}\mathfrak{s}|,al$ , $(a^{*}.rl)(\wedge 4)\equiv\eta(\mathrm{o}(\wedge 4))$ .
3. $[U(c\iota^{l}), J]=0$ .
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$C_{t}^{\tau}/$ strongly coritinuous $\text{ }$ $\text{ }$ $\mathrm{b}_{\mathrm{L}}’\mathrm{C}^{\mathrm{J}}.1\mathrm{f}$.-adjoiui, $\mathrm{o}1^{1-}$
erator $L$ .
$U_{t}=e^{it.L}$
$L$ Liouville operator 1
?. $\alpha$- $\omega$-normal Liouville operator $L$ kernel




$\eta(x)=\langle\xi(\eta), \pi(x)\xi.(\eta)\rangle$ , $x\in O$ ,
$\langle U_{t}^{*}\xi(\eta), \pi(x)U_{t}^{*}\xi(r|)\rangle$ $U_{t}$
$\langle$ $U,$
,
$*\xi.(\eta),$ $\pi(x)U$7 $\xi.\cdot$ $(\eta))-=\eta\circ a_{t}.(x)$ $x\in O$ .
$r$( \mbox{\boldmath $\alpha$}-
$’|l^{\mathrm{o}\alpha}$ t $(.’\iota..)=\prime {}^{t}l(x)=\langle\zeta(\eta),$ $\pi(x)\xi(7l))$ . $x\in \mathcal{O}$ .
$\xi$







$\Sigma_{0^{l}}$ (\mbox{\boldmath $\omega$}) $C1’$.- $\omega$ $\mathrm{k}\mathrm{c}^{1}1^{\cdot}L$ =0
$\mathrm{R}.\mathrm{e}\backslash ,\mathrm{t}\iota \mathrm{l}\mathrm{r}\mathrm{l}\mathrm{l}$ to $\mathrm{t}^{\backslash }\mathrm{q}\tau 1\mathrm{i}1\mathrm{i}\mathrm{b}_{1}\cdot \mathrm{i}\iota 1\ln$ Liouville opcr.a$\mathrm{t}()$r )$\mathrm{s}$ $\text{ }$
$7_{d}$
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Proposition 10 ([BFSI]) $(O, a’)$ $C^{*}$ - ’ ( , $\beta$ ) $- KMS$
$(\mathcal{H}, \pi, \Omega)$ $\omega$ $GNS$ $c\iota’$ ) Liouvi$l$, le $ope\mathit{7}^{\cdot}at,orL$ $\Omega$
.l simple eigen va$lue$ $()$ 4 $L$
$|\backslash$ $\mathrm{J}’.et\mathrm{t}l\#..ll$ to equdibrium
(L $\omega- r|,or\cdot mal$ $\prime l$ (
7l$\ln\frac{1}{T}.\eta\infty.\acute{0}T$( $\alpha$(A))dt $=\omega$ (.4), $A\in O$ .
Liouville operator $L$
$\prime w-’\int^{1}1\mathrm{i}_{1}\cdot \mathrm{n}\frac{1}{T}arrow\infty\int_{0}^{\mathit{1}’}.c^{itI_{\lrcorner}}’ d’\cdot$, $t=|\Omega$X$\Omega|$ .
$\eta$ analytic element $b,$ $c\in O$ $\omega(b^{*} c.)$
$\eta=\omega(b^{*}c)$ KMS
$\omega$ ( $b*\alpha_{t}$ (a)c) $=\omega(\alpha_{-}i\beta(c)b*\alpha_{t}(a))=\langle\pi(b)\pi(\alpha_{i\mathrm{f}\mathit{3}}(\zeta j^{*}))\Omega,$ $\pi(\alpha_{t}.(a))\Omega)$
$=\langle\pi(b)\pi(a_{i\beta}(c^{*}.))\mathrm{t}l, e^{ilI_{\lrcorner}},\pi(a)\mathrm{f}l\rangle$
$\prime l^{1}arrow\infty 1\mathrm{i}_{1}\mathrm{r}1\int_{0^{?’\int(\alpha_{\ell}(\mathit{0},))=1\mathrm{i}_{111}}}’\mathit{1}^{\tau\prime}J_{0}^{J^{\neg}}\prime r’arrow\infty..\Omega_{\backslash }^{jll}\langle\pi(b)\pi$( $C1_{il^{\dot{f}(t^{*}))\mathrm{e}^{\mathrm{J}}\pi}}’.$, (a) $\mathrm{f}l$ )
$=\omega$ (Cl.-i$\beta$ (c)r)$\omega(a)=\omega(b*c)\omega(a)=\omega$(a).
allal.,\$\cdot$.tic, clenteuts $\mathrm{e}1\mathrm{e}^{1},11\mathrm{S}^{1}\mathrm{C}$ in $O$ $\text{ }$
4 Model
1 lattice Fermion model
1 la.ttice Fermion model ]$\backslash$ $\mathfrak{h}=l^{2}(\mathbb{Z})$ -1.. $\mathrm{C}\mathrm{A}\mathrm{R}_{\Gamma}$
algebra $(\mathrm{r}_{\dot{C}}..)_{1}11\mathrm{O}11\mathrm{i}\mathrm{c}\mathrm{a}1$ a.ml-coinnmta.tiou rclatioii) $\mathrm{C}\mathrm{A}\mathrm{I}\mathrm{t},- \mathrm{a}\mathrm{l}\mathrm{g}’\cdot \mathrm{c}.\mathrm{f}$ ) $\mathrm{r}\mathrm{a}$
1 $a.(f)^{*}$ , (\sim ( $\mathrm{I}^{\text{ }}$
.
C’-a.lgebra
$f\in \mathfrak{h}arrow a(f)\in A$ : $.\mathrm{a}$ntilil.le.al$\cdot$
$\{r\iota.(f), a(g)\}=0$
$\{a.(f),o^{*}(g)\}=\langle f.\prime g\rangle$ $1$
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Ferniion CAR,-algebra.
$A_{L}$ : CAR-algebra over $l^{2}(\mathbb{Z}_{-})$
















$(a(f))=a(\mathrm{e}^{i\ell h_{R}}f)$ , $f_{l},R=p$n.hpR, $f\in P_{J}$7 $\mathfrak{h}$
p $\mathbb{Z}_{-},$ $p$ l’ $\mathbb{Z}_{+}$




$\omega$0 $(.\prime r_{lI_{\lrcorner}}:\iota_{\Gamma \mathrm{f}}.)$ . $=\omega_{l,}(x_{L})\omega_{\mathit{1}?}(x_{R})$ $.’\iota_{l_{d}}.\in A_{l_{\lrcorner}\backslash }.\ell r_{l};$ .
$\in A_{l\dagger}$.
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$\omega$R:ullique ( $\tau_{R},$ $\beta$R)-K$\mathrm{h}$.IS state on $A_{R}$.
$\omega$L: $\mathrm{u}\mathrm{n}\mathrm{i}\epsilon 1\iota \mathrm{l}\mathrm{e}$ ( $\tau_{L},$ $\beta$L)-KMS state on $A\mathit{1}_{\lrcorner}$
$\omega_{0}$ $\tau$ NESS Dirren 98, Ho Araki
00 Aschba.cher Pillet 02 [HA], [AP] NESS
—
$\Sigma_{\tau}(\omega 0)=\{\omega_{\beta_{\mathfrak{l}}.,\beta_{R}}\}$
$\omega\beta_{L},\beta_{R}$ quasi-free state $\text{ }$
$\omega_{\beta_{L},\beta_{R}}$
$(a(f_{n})^{*}..a(f_{1})^{*}a(g_{1})\cdot.a(g_{n},’\cdot))=\delta_{nrn}\epsilon \mathrm{l}\mathrm{e}\mathrm{t}(\langle f_{i}, \sqrt g_{\mathit{1}}.\rangle)$ ,
$\rho$
$p(k)=\{\begin{array}{l}(\mathrm{l}+e^{\beta_{L}\mathrm{c}\cdot \mathrm{o}\mathrm{s}k})^{-1}(\mathrm{l}+c^{l^{t_{R}\mathrm{c}.\mathrm{e})\mathrm{s}k)^{-\mathrm{l}}}}\end{array}$ $k\in[-\pi, 0)k\in[0,\pi)$ ,
NESS
$\mathfrak{H}_{6’}$ $d$,





. $x\mathrm{e}-itIl_{S}$ , $x\in As.$
$C^{*},.-$ $(\tau s, A,’)$
$1\dot{‘}\mathfrak{j}.\mathrm{t}\cdot \mathrm{t}\mathrm{i}\mathrm{c}\cdot.\mathrm{e}$ Ferinion $|^{\text{ }}\wedge$
$1\vee=\lambda 1’\mathrm{c}\mathrm{X}_{-}^{\backslash }$ ( $\mathit{0}.(f)$ $(f)$ ) $\in A_{9}.’(.\backslash ?A$






$\text{ }$ ‘ $111()(11_{\dot{C}1,1\mathfrak{l}}.\mathrm{s}’.\mathrm{t},\mathrm{r}\mathrm{u}\mathrm{c}\mathrm{t}\mathrm{n}\mathrm{r}\mathrm{e}$
Ferlni Fock $\mathcal{K}$
$k\geq 1$ $\mathcal{K}$ $k$- $\wedge^{k}\mathcal{K}$
$\wedge^{0}\mathcal{K}=\mathbb{C}$ $\mathcal{K}$ Fermi Fock
$\mathcal{F}(\mathcal{K})=\oplus k=0\Lambda^{k}\mathcal{K}$
$\mathcal{K}$ $u$ u k.K $=$
\otimes kul\Lambda k $u$ $\Gamma(u)$
$\Gamma(’\iota t)=\oplus_{k=0}^{\infty}u\wedge k\mathcal{K}$
$T$ $\kappa^{\backslash }$, $arrow-$ $\mathrm{b}’\mathrm{e}^{1}.\cdot 1\mathrm{f}-.\mathrm{a}(1\mathrm{j}\mathrm{o}\mathrm{i}111,\cdot$ operator $T$
$’\wedge$
$rf,\Gamma(T)$ ollc $1$) $\mathrm{a}1^{\cdot}\mathrm{a}.\mathrm{n}1\mathrm{e}\mathrm{t}\mathrm{e}^{\mathrm{Y}}.,\mathrm{r}$ group $\Gamma(\mathrm{e}^{is’\mathit{1}’}.)$ J
$1_{\wedge}.$
. .$\sqrt\omega s$ $\mathrm{t}\dot{j}\backslash 1\omega/J_{l}.$ ,\beta ,, lno llar structure ’
$7_{\partial}$
Proposition 11
$id‘ g$ : $faitf_{l}.f^{l}ul$ state Oller$\cdot$ $A$s
(H $\pi_{\backslash }\Omega$ ) : $GNS$ triple $’\{v.\mathrm{r}$.. $t\omega=iv_{S}\theta^{-}.\cdot[searrow]$) $\omega_{i_{4}.\theta_{l}}$”,
1. $\mathcal{H}=(\mathfrak{H}s\otimes. \mathfrak{H}s)\otimes$. $\mathcal{F}(\mathfrak{h}\zeta- 1)\mathfrak{h})$
2. $\Omega$ : cyclic and $separ.ati,\uparrow?,g$ vector for $\pi$ (O)
$’($
3. $t1’.t$ $\pi(\mathcal{O})’$’ $Liou\prime villeOp(^{\mathrm{J}},r.atorL$ $L$
$L=(H_{S}\dot{\grave{\mathrm{c}}}\triangleleft 1)\otimes^{-}\mathrm{I}-(1\infty.H_{\iota}\mathrm{s}’)|\mathrm{x}_{1}.1+1\infty$
.
$cf\Gamma(f|. \cdot\backslash \cdot 4-.-’\cdot f_{l,}.)$
$+\lambda(].\grave{\backslash }\overline{.}41)\mathrm{c}’\overline{\mathrm{Y}_{-}}\}(a(g_{1})+tt^{*}(.q_{1}))$










$\beta_{L}\overline{7}\leq\beta_{R}$ , forrn factor $f$ , $Hs$
Kel.L $=\{0\}$ -.. $\beta_{R}=\beta_{I}$, $f,$ $Hs$
$\mathrm{I}\{\mathrm{e}\mathrm{r}L$ 1 . subspace





$\beta I_{J}\neq.l^{r}.J_{l\mathrm{f}}$. $m,acjrosc.opicall/\mathrm{t}$ unstable
14
$f_{\backslash }H$s $\omega\beta,\beta$ $r.e,t^{t}nrr\iota$ to $eq\uparrow \mathit{1}’if,ib\uparrow’.inrn$
-|‘\rightarrow 1^-.
$\mathfrak{H}s=\mathbb{C}^{2}$ ,
$H_{S}=b\sigma_{\vee}\sim$ $0<b< \frac{1}{\prime 1}$ , 1.\acute =\sigma .
$f\in C^{\infty}([-\pi, \pi))$ , $f$ ( $.\delta$l.c.c.os(\pm 2b)), $f$ (al.C[jos(\pm 4b)) $\overline{\tau}^{\angle}- 0$ ,
\iota ‘.?l\acute pl)f\subset A
$\Lambda_{\uparrow},$ $=\{k\in[-\pi, \pi) ; \sin‘ k\geq\ell\iota’\}$ .
$0<1’<1$ , $4b<\sqrt{1-\cdot v^{2}}$
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5 Proof
$\mathrm{P}.()\mathrm{s}\mathrm{i}\mathrm{t}\mathrm{i}1’\mathrm{C}$ Colnnllltat.c)r (PC) $\mathrm{h}\mathrm{I}\mathrm{e}\mathrm{t}1_{\mathrm{i}}\mathrm{o}\mathrm{d}$ $\text{ }$
self-adjoint operator $L$ $L$ $\Delta\subset \mathbb{R}$
$\text{ }E_{\Delta}$ spectral projection of $L$ onto $\Delta$ $\text{ }$
$\wedge 4$ : $\mathrm{a}\mathrm{n}\mathrm{t}_{1}\mathrm{i}- \mathrm{s}.\mathrm{e}1\mathrm{f}$-a.djoint opera.tor
$\alpha>0$
$E_{\Delta}[L, A]F_{\sqrt\Delta}\geq\alpha_{-}E\Delta$’
$\psi$ : $e\in\Delta$ $L$ $\circ$
$0=\langle\psi;E_{\Delta\prime}[L, A]$E$\triangle\psi$ ) $\geq\alpha||\psi||^{2}$
$\Delta$
& $\text{ }$ ( opera.tor domain
) L Positive $\mathrm{C}_{J}\mathrm{t}$) $\mathrm{n}\cdot 111111\mathrm{t}\dot{r}1,\mathrm{t}o\mathrm{r}$ Mcthod
$7_{\partial}$
$L$ $\mathrm{P}\mathrm{o}\mathrm{s}\mathrm{i}\mathrm{t}\mathrm{i}1^{\gamma}\mathrm{C}$ Commutator
$t=\mathrm{t}.\mathrm{a}1^{\cdot}$l $\mathrm{i}k2$ $\mathfrak{h}$ -\rightarrow




$(’\iota\iota(\theta)g)(t)\equiv \mathrm{e}^{\frac{\theta}{}\sqrt{\frac{t^{2}+1}{\mathrm{e}^{1}t’2\theta \mathit{2}+1}}}\underline{.,},g(\iota^{\tau_{l}}\theta \mathrm{f})$
. strongly continuous one para.rneter group of unita.ries $\text{ }$
genera.tor $p$ $p$ , $\mathrm{a}1^{\cdot}1\mathrm{t}\mathrm{i}- \mathrm{s}’\mathrm{c}1\mathrm{f}\cdot \mathrm{a}\mathrm{c}$ljoint operator
$\wedge 4_{0}\equiv 1\otimes^{-}‘ l\Gamma(\prime i,\cdot p\mathrm{t}1)$ -
$\cdot$ip)
operator 1 $\grave{/}\grave{\backslash ^{l}}\wedge d\Gamma(h\mathrm{i}_{\backslash }\{!-h)$
$[1\triangleright_{\backslash }^{\eta}d\Gamma(f_{l\mathrm{d}^{-}}...\backslash -l7). \wedge 4_{()}]=1\vee-\backslash \wedge d\mathrm{I}([h’\langle \mathrm{J}^{\grave{\tau}}-/\mathit{7}, \prime ip(\mathrm{J}^{\backslash }-.’-i.\cdot p])$
$=1\overline{\mathrm{r}}rf\Gamma(s\mathrm{l}\backslash \cdot 1^{\mathrm{t}}. e\backslash _{1}\cdot)\geq 0$
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where
$. \backslash _{1}’\cdot(t.)=\frac{4\prime t^{2}}{(1+t^{\mathit{2}})^{2}}.‘=\mathrm{s}’\llcorner \mathrm{i}\mathrm{n}^{2}‘ k$
$1$) $o\mathrm{s}.\mathrm{i}\mathrm{t}_{1}\mathrm{i}\backslash ’\cdot \mathrm{e}$ strictly $1$) $o\mathrm{s}\mathrm{i}\mathrm{t}.\mathrm{i}1’(^{\backslash },\cdot$





$\mathfrak{h}\oplus \mathfrak{h}=L^{2}(\mathbb{R}, d\mu).\mathrm{G}.)L^{2}(\mathbb{R}, d\mu)=\mathfrak{h}_{\Lambda},,$
$\oplus \mathfrak{h}_{\Lambda_{l}^{\mathrm{c}}}\cdot$.




$N_{\mathit{1}\backslash _{1}},$ $\equiv 1\aleph_{-}’|\mathrm{e}1\Gamma(1_{1,}.j$ . $(\mathrm{f}’ 0),$ $\mathit{1}\backslash r_{\backslash }.r_{1}\cdot$ . $\equiv \mathrm{I}\acute{\iota}\triangleleft \mathrm{e}1\Gamma(0(|,\cdot\backslash 1_{\Lambda_{\mathfrak{l}}^{r}}.)$ ,
] $\mathrm{c}\mathrm{n}\mathrm{l}\mathrm{n}\mathrm{l}\dot{\mathrm{r}}1$
Lemma 15 $19’.np\prime pf\subset\Lambda_{v}$ $L$ ,V)
$P(N_{\Lambda_{1}^{c}}$. $=0)\psi=\prime \mathrm{V}^{\iota_{f}}$ .
$P(N,\backslash$
$P(N_{\Lambda_{1}^{\mathrm{c}}}\cdot$. $=0)\mathcal{H}$ Strictly $\mathrm{P}\mathrm{c}$)$\mathrm{s}\mathrm{i}\mathrm{t}\mathrm{i}\backslash ’.$ ( $\mathrm{C}\mathrm{o}\mathrm{l}\mathrm{n}\mathrm{l}\mathrm{l}\mathrm{l}\tau\iota \mathrm{t}\mathrm{a}\mathrm{t}\mathrm{c}$ ) $\mathrm{r}$
Fcsbbach lllap theorem [BFSI] $\mathrm{h}\cdot \mathrm{I}.\mathrm{h}\mathrm{I}\mathrm{e}\mathrm{l}\cdot \mathrm{k}\mathrm{l}\mathrm{i}$
$[\mathrm{h}\cdot \mathrm{I}]$ $\mathrm{s}.\mathrm{t}\mathrm{l}.\mathrm{i}c,\mathrm{t}\mathrm{l}.\backslash ’ 1$ ) $0\mathrm{f}’.\backslash \mathrm{i}\mathrm{t}\mathrm{i}\backslash ^{\vee}\mathrm{c}$
llOt.ation
$L_{0}=L_{S}+L_{f}$ ,






$\Delta\subset \mathbb{R}$ L — Projcction $Q=$
$P(L_{S}.=c^{\mathrm{J}})\acute{\ltimes_{-}}\wedge P(N=0),\overline{Q}=1-Q,$ $l^{\supset}=P(N_{s1_{\mathrm{t}^{\mathrm{t}}}^{c}}\cdot=0)$ $Q$




$PE_{\Delta\prime}[L, \wedge 4]E’\Delta P\geq\alpha$PE$\Delta(\begin{array}{ll}\overline{Q} 00 Q\end{array})$ , $\alpha>0$
$\wedge 4$’
$(\begin{array}{ll}0 \lambda x.\cdot\lambda x^{*} \mathrm{t}1\end{array})\geq-(1$ $\lambda^{2}.x^{*}x0$)
$L$ $\wedge 4_{0}$
$PE_{\Delta\prime}$ [L,-40] $E^{1}’\Delta P\geq PE\Delta’(\begin{array}{ll}\mathrm{e})\overline{Q} \lambda\overline{Q}I_{\mathrm{l}}Q\lambda QI_{\mathrm{l}}\overline{Q} 0\end{array})E_{\Delta}P$




$\theta$ $\lambda\ll 1$ $\epsilon_{:}.\theta$ $\lambda$
$PE_{\Delta\prime}$ $[L,$ $\wedge 4_{0}+b]E_{\Delta}P\geq\frac{1}{2}PE_{\Delta}.(\begin{array}{ll}kJ 00 \lambda^{\frac{18}{1\mathrm{O}\mathrm{O}}}.,\Gamma(C_{\prime}^{-|})\end{array})E{}_{\Delta}P$
$\Gamma(e)$ $P$ $(L\text{ }=e)$ (b.s\otimes H ) $-1_{-}^{-}$
$\Gamma(\mathrm{r}^{\mathrm{J}},)\equiv\int_{-\pi}^{\pi}d.h’.ln(k, 1)’ P(Ls\overline{7}^{-}\mathit{1}(^{\mathrm{J}})\delta(\cos k+L_{\mathrm{b}^{\mathrm{Y}}}.-\mathrm{r}^{\mathrm{J}}.)\prime\prime?l,(k, 1)$
$+T$ $dk\cdot\uparrow?’.(k,2)^{*}P(L_{S\overline{7}}\leq c.)\delta(-\mathrm{c}.0|\mathrm{s}’k+L_{\mathrm{b}}.’-C^{\lrcorner}.)\cdot t’\iota(k, 2)$
$’\iota tt.(k, \cdot i)\equiv 1’\dot{\mathrm{Q}}-\mathrm{Q}1\rangle g_{1}^{i}(k)-1.\backslash \cross^{-}\tau\Gamma$ $g_{\mathit{2}}^{j}(k)$ $i=1,2$ .
$g_{1}^{1}=(1-p)^{\frac{1}{\underline{)}}}.f$, g.21=\rho $\overline{f}$ , $.q_{2}^{1}|=\rho$i $f$ . $\mathit{1}_{\mathit{2}}^{2}.=(1-\rho)^{\frac{1}{2}}.\overline{f}$.
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Form factor $f$ support , Halniltonian $Hs$
$\beta_{I,\overline{7}}\leq[\mathit{3}_{R}’$ $e\in \mathbb{R}$ $\Gamma(e)>()$ .
$\beta_{- L}=/’\mathit{3}_{l\mathrm{f}}$ ( $\mathrm{c}^{\mathrm{J}}$. $7$\leq 0 $\Gamma(e)>0$ $\Gamma(0)$ 1 kernel
Strictly Positive Conunutator J
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